Information on phyto-oestrogen intake in various populations has been scanty until now, primarily because data on the content of these compounds in foods were lacking. We report here on expansion of the Finnish National Food Composition Database (Fineli®) with values for the plant lignans matairesinol and secoisolariciresinol and the isoflavones daidzein and genistein. The values, expressed as aglycones, were based on food analyses (mainly GC-MS) or imputed from analytical data for 180 foods for lignans and 160 foods for isoflavones; additionally, over 1000 values were derived from the recipe database of Fineli. Average intake of these phyto-oestrogens was calculated using food consumption data of the National Dietary Survey FINDIET 1997, which was carried out in a random sample of the adult population in five areas in Finland. The dietary data were collected by 24 h recall (n=2862). The mean lignan intake was 434 (standard deviation (SD) 1575) jjLg/d and the mean isoflavone intake was 788 (SD 673) [Ag/d. Women had a higher lignan density ((xg lignans/MJ) in their diet than men (/ > <005). Men had a higher mean daily isoflavone intake, 902 (SD 368) (xg, than women, 668 (SD 963) jxg (P<005). The sources of lignans were many: seeds, cereals, fruit, berries and vegetables. The main sources of isoflavones appeared to be processed meat products/sausages containing soya as an ingredient, and legumes as such. The average intake of lignans and isoflavones in Finland seems to be low, but intake varies throughout the population.
Introduction
Since the early 1980s, interest in oestrogen-like compounds of plant origin, such as isoflavonoids and lignans, and in their occurrence in the diet and their possible effects on health, has increased steadily and led to many reviews (e.g. Adlercreutz & Mazur, 1997; Adlercreutz, 1998; Bingham et al. 1998; Cassidy & Faughnan 2000; Mazur & Adlercreutz, 2000) . The importance of isoflavonoids such as phyto-oestrogens has long been recognised in the veterinary field (Price & Fenwick, 1985) . After die initial discovery of mammalian lignans (Setchell & Adlercreutz, 1979; Setchell et al. 1980) , the possible role of these diphenols in human health and disease was postulated (Adlercreutz & Mazur, 1997) . The mammalian lignans enterolactone and enterodiol are formed from their plant precursors by the action of intestinal microflora (Borriello et al. 1985) .
While our knowledge of biological effects in experimental settings has increased for a fair variety of these compounds, studies of the relationship between actual intake in various populations and the maintenance of good health and risk of disease have focused mainly on isoflavone intake and phyto-oestrogen-rich diets (Anderson et al. 1995; Strauss et al. 1998; Wu et al. 1998) , providing few data on lignans. The main epidemiological evidence for possible disease prevention by lignans has been obtained from case-control studies, where mammalian lignan metabolites (mainly enterolactone) were mostly measured in biological fluids (Ingram et al. 1997; Strom et al. 1999; Vanharanta et al. 1999; den Tonkelaar et al. 2001; Pietinen et al. 2001 ). The causal relationship and mechanism of phyto-oestrogen action in man still remain to be demonstrated and possible adverse effects of phyto-oestrogens to be evaluated (Strauss et al. 1998) .
The food analysis of phyto-oestrogens is complicated by the conjugation of these molecules to a variety of carbohydrate moieties (Mazur & Adlercreutz, 1998; Liggins etal. 2000) . However, reliable methods for the determination of food phyto-oestrogen composition are available now. Not least important for the estimation of phyto-oestrogen intake through everyday diets is information on foods whose phyto-oestrogen content may be low but not zero and which may be consumed commonly by the population.
In the late 1990s a couple of studies were carried out in epidemiological settings that allowed compilation of a phyto-oestrogen database for food frequency questionnaires and calculated phyto-oestrogen intakes in the USA (Pillow et al. 1999; Horn-Ross et al. 2000; de Kleijn et al. 2001) . However, it is well known that food supply may differ greatly geographically and, therefore, sound food composition databases should preferably be compiled using laboratory analysis data of locally representative foods (Greenfield & Southgate, 1992) .
Within the last decade, an exceptionally comprehensive analytical study has been carried out on the lignan and isoflavone contents of foods consumed in Finland (Dwyer et al. 1994; Mazur et al. 1996; Adlercreutz & Mazur, 1997; Mazur, 1998; Mazur et al. 1998a,fc) . The purpose of the present study was to evaluate the quality of the previously generated analytical data on phyto-oestrogens in foods and to expand the Finnish National Food Composition Database (Fineli®; Ovaskainen, 2001) to include values for the lignans matairesinol and secoisolariciresinol and the isoflavones daidzein and genistein, to meet the needs of future epidemiological studies. In a first application of the National Food Composition Database, the average intake of these phyto-oestrogens was calculated, using the National Dietary Survey FINDIET 1997 study as the source of food consumption data (FINDIET Study Group, 1998) .
Materials and methods
Compilation of the phyto-oestrogen database was based mainly on recently published analytical values for two lignans, matairesinol and secoisolariciresinol, and two isoflavones, daidzein and genistein, drawing on domestic as well as imported foods (Dwyer et al. 1994; Mazur et al. 1996; Adlercreutz & Mazur, 1997; Mazur, 1998; Mazur et al. 1998a,&) . These values were produced after a threestep hydrolysis converting the diphenolic glucosides into their respective aglycones; most of the analyses were carried out by GC-MS using synthesised deuterated internal standards for the correction of losses during the procedure as described earlier (Mazur et al. 1996; Mazur & Adlercreutz, 1998) . A small fraction of the isoflavone analyses was carried out by HPLC (Nurmi & Adlercreutz, 1999) for samples pretreated by applying the procedure published previously (Mazur et al. 1996) . Part of the laboratory analysis data used for compiling the database are previously unpublished (Table 1) . Original data expressed as dry weights of foods were converted to values on a wet weight basis (|xg/100g wet weight of a food or |xg/dl of a beverage).
When a new data set for nutritional values is used, it is important to evaluate the quality of the analytical information (Greenfield & Southgate, 1992) . In our data quality assessment, quality criteria published previously (Greenfield & Southgate, 1992) and modified for special purposes (Mangels et al. 1993) were used, as shown in Table 2 . Of the items in the Fineli database (Ovaskainen, 2001) , 110 and ninety foods were assigned lignan and isoflavone values, respectively, directly from the original data, and seventy foods were assigned lignan and isoflavone values based on analysis of comparable food products (in total, about 10% of the food items in the database). In some cases lignan values were estimated by assuming a constant ratio of lignan to fibre, e.g. for whole-grain rye flour v. refined rye flour. Similarly, the isoflavone composition of some foods was estimated by comparing the relative soya content in comparable foods. For processed meats, i.e. sausages and commercial minced meat products, commonly eaten in Finland, isoflavone values were estimated using information obtained from major meatprocessing companies concerning the use of soya or soya protein isolates in different products. The bread and bakery product supply was also evaluated for the use of isoflavone-containing ingredients (e.g. soya flour, soya protein); partial variation in recipes was considered relevant here and resulted in database adjustments. Values for brewed tea were derived by taking into account the average amount of tealeaves needed for a standard volume of beverage, as well as the shorter brewing time in household preparation compared with the methods used in laboratory analyses .
In addition to the foods that obtained values directly from the original laboratory analysis data or values based on analysis of comparable food products (about 10%), for about 60% of the approximately 2000 foods in the whole Fineli database (Ovaskainen, 2001) , phyto-oestrogen values were derived based on the Fineli recipe database. For the rest (about 30%) of the food items (mainly of animal origin) the intake calculation program was allowed to use a zero value.
The cross-sectional average intake of these phyto-oestrogens was calculated using food consumption data obtained from the FINDIET 1997 Study (FINDIET Study Group, 1998) carried out in a random sample of the population aged 25 to 64 years in five areas of Finland. Dietary intake data were collected by computerised 24 h recall (n = 2862), with 72% of those invited attending the study (FINDIET Study Group, 1998) . Phyto-oestrogen intake was calculated from the FINDIET 1997 food consumption data set by the nutrient intake calculation software, applying our new phyto-oestrogen data from the Fineli food composition database (FINDIET Study Group, 1998; Ovaskainen, 2001) . The food consumption data included 1374 entries from the Fineli database.
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*Or |j,g/dl of food in liquid form. t 'Punikkitatti', not defined further. tHPLC was used for isoflavone analyses; in all other analyses GC-MS was used.
from the analytical value of a similar product. More than half of the values (62 % for lignans, 54 % for isoflavones) were derived from recipe calculations. The proportion of zero values in the recipe-derived data was 32% for matairesinol and 4 % for secoisolariciresinol, 47 % for daidzein and 50 % for genistein. The proportions of nonrelevant or missing values for lignans and isoflavones were 27 % and 37 %, respectively.
A mixed model for measurement error was used in testing the differences in nutrient intakes on the basis of 24 h recall. The model uses auxiliary information on 48 h dietary recall and 3 d food record data, collected in random subpopulations (n=223 and n=334, respectively) of the same study, to minimise the effect of daily variation. The same model was used in calculating the corrected means and standard deviations (SD) of lignan and isoflavone intakes of men and women. P-values<0-05 were considered significant.
Results
The quality assessment of the analytical data revealed high quality indices (2-3) on three out of the four criteria evaluated: analytical method used, analytical sample handling and documentation, and quality control. The quality index for the fourth criterion, sample plan and number of samples analysed, was scored lower (0-2). Summing of quality indices for all published values resulted in confidence codes A for those data. The sum of quality indices for unpublished values resulted in confidence codes B for those data ( Table 2) .
The lignan and isoflavone contents of foods vary greatly. The upper limits of the ranges of values for different food groups in the newly compiled phyto-oestrogen database are presented in Table 3 . The lower limits of the ranges of lignan and isoflavone values for different food groups were zero or close to zero (not shown) in the vast majority of food groups, which elucidates the large differences in lignan and isoflavane values between foods.
The average intakes of the lignans matairesinol and secoisolariciresinol and the isoflavones daidzein and genistein are presented in Table 4 . Mean intakes of these two groups of compounds were found to be below 1 mg/d among men and women in Finland: mean lignan intake was 434 (SD 1575) |xg/d and mean isoflavone intake was 788 (SD 673) (xg/d. The corrected mean lignan intake was 285 (SD 9347) and 601 (SD 1670) |xg/d for men and women, respectively. The average lignan density of the diet was higher among women (56 jjig/MJ) than among men (29 (xg/MJ, P<0-05). The corrected mean isoflavone 'Modified from Greenfield & Southgate (1992) and Mangels etal. (1993) . Table 3 . Maximum values of phyto-oestrogens (jj.g/1OOg fresh weight*) in different food groups (Dwyer et al. 1994; Mazur et al. 1996; Adlercreutz & Mazur 1997; Mazur, 1998; Mazur et al. 1998a,b) Food group intake was 902 (SD 368) |xg/d and 668 (SD 963) |xg/d for men and women, respectively (P<0-05). There was no difference in the isoflavone density of the diet between men and women (78 |xg/MJ v. lOOfjig/MJ, P>005).
Discussion
Based on the analytical data of domestic foods and imported foods consumed in Finland, the National Food Composition Database Fineli® (Ovaskainen, 2001 ) was supplemented with lignan and isoflavone values and intake of these compounds was calculated. Quality assessment of the analytical data showed that there were no concerns about the analytical methods used. The issue that was less optimal for database compiling purposes in this set of data was the food sampling underlying the analytical data, because the documentation of this sampling was scanty and the number of samples in some cases was less than three. The resulting analytical data can, however, be considered relevant for database compilation and intake calculation in Finland, because the samples drew mainly on the domestic food supply. Lignan and isoflavone values were obtained for about 70% of the food items, most of them through the recipe database. It has to be pointed out that in the case of isoflavones about 50 % of the recipe-derived values in the database are zero values, whereas in the case of lignans, only 32 % of the recipederived values for matairesinol and 4 % of values for secoisolariciresinol are zero. This is in accordance with the fact that isoflavones are present in only a few plant families (Dewick, 1993) . The list of lignan sources is much longer. Most of the foods also obtained a value for secoisolariciresinol through the recipe database, which is comprised of typical recipes used in Finland.
For this study the composition of processed meat products and bakery products was evaluated using information obtained from the largest manufacturers of these products in the country. Some minor modifications to the recipes were made. Evaluation of the meat and bakery products made it clear that the use of isoflavone-containing soya ingredients is fairly common in processed meat products, but not very common in breads and other bakery goods. This shows the importance of knowing the origin of the domestic food supply and the compositional differences between imported foods from different countries when food databases are compiled. The observation in the EU Concerted Action VENUS (van Erp-Baart et al. 2003) that, in four EU countries, bread and cereals are the main sources of isoflavones does not seem to apply in Finland today. However, information on soya in food products in general is not very reliable. The commercial food supply changes rapidly, and soya is one of the ingredients that has a fluctuating popularity among consumers.
The average intake of both lignans and isoflavones was found to be below 1 mg/d in men and women. This is in agreement with other findings in the USA and Europe (de Kleijn et al. 2001; van Erp-Baart et al. 2003) . The average isoflavone intake is low in Finland because soyabeans and soya products are not a common part of the diet (FINDIET Study Group, 1998) . Intake of isoflavones is mainly due to soya-containing components used as ingredients in commercially processed meat products and a few bakery products. Because our food consumption data were collected by 24 h recall, these data do not allow us to identify a subgroup of high consumers of soya products or other isoflavone-containing foods.
The average lignan intake was not more than 500 u.g/d among Finns and the median intake less than that (not reported here). This is lower than the lignan intake reported by de Kleijn et al. (2001) in women in the USA. Caution must be taken, however, when comparing these results, because food consumption and database compiling processes were not comparable. First and foremost, diets differed in the main sources of lignans. In Finland these sources were the following: seeds, cereals (especially rye), berries, fruits and vegetables. In the USA the main source of lignans was fruits (de Kleijn et al. 2001) .
Our phyto-oestrogen database included two lignans for which a fairly large set of analytical data was available. Recently it has been shown (Heinonen et al. 2001 ) that other precursors of mammalian lignans, namely pinoresinol, lariciresinol and syringaresinol, are also present in foods.
The average intake of lignans and isoflavones in Finland seems to be low, and far below those intake levels commonly used in phyto-oestrogen experiments or suggested to have any biological effects. In the future more laboratory analysis data need to be added to the food database on mammalian lignan precursors in foods generally, and on isoflavones especially in processed foods, in order to obtain more reliable estimates of the dietary phyto-oestrogen intake for epidemiological studies.
